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(57) Abstract: The system comprises control 
devices (CS) arranged to implement a stop-start 
function in which, during a stop stage, the internal 
combustion engine (1) is disconnected from the 
electric machine (4) and from the transmission 
system (2) and is switched off in first predetermined 
operating conditions of the vehicle (V) and then, in 
a subsequent start stage, is automatically restarted 
by an electric machine (4), operaung as a motor, and 
is then reconnected to the transmission system (2). 
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A METHOD AND A SYSTEM FOR CONTROLLING THE PROPULSION OF A HYBRID 
MOTOR VEHICLE 

The present invention relates to a propulsion- control system 
for a motor vehicle provided with: 

an internal combustion engine, 

a transmission system comprising a transmission with 
discrete ratios, provided with actuator means for 
engaging/disengaging the ratios, 

a reversible electric machine which includes a rotor and a 
stator, is interposed between the internal combustion engine 
and the transmission system and is suitable for operating 
selectively as a generator and as an electric motor, 

a first clutch and a second clutch which can be operated 
selectively to control the connection of the rotor of the 
electric machine to the transmission system and to the 
internal combustion engine, respectively, 

sensor means arranged for supplying electrical signals 
indicative of operating conditions of the vehicle, of the 
internal combustion engine, and of the electric machine, and 

control means for controlling the internal combustion 
engine, the electric machine, the first and second clutches, 
and the actuator meano fux eny ag iny /uibfeny cty i^y Lixe ratios, 
in accordance with predetermined procedures in dependence on 
the signals provided by the sensor means, 

the control means being arranged, in particular, to 
implement a stop-start function in which, during a stop 
stage, upon the occurrence of first predetermined operating 
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conditions of the vehicle, the internal combustion engine is 
disconnected from the electric machine and front the 
transmission system and is switched off and then, in a 
subsequent start stage, upon the occurrence of second 
predetermined operating conditions of the vehicle, is 
automatically restarted by means of the electric machine, 
operating as a motor, and is then reconnected to the 
transmission system. 

A hybrid motor-vehicle propulsion system known from prior 
international patent application PCT/EP98/06922 includes an 
internal combustion engine, a reversible electric machine, a 
transmission system comprising a transmission with discrete 
ratios, as well as a first clutch and a second clutch which 
can be operated selectively to control the connection of the 
rotor of the electric machine to the transmission system and 
to the internal combustion engine, respectively- This 
propulsion system enables a stop-start (or "stop-and-go" ) 
function to be implemented, in which, during the stop stage, 
the clutch between the internal combustion engine and the 
electric machine is disengaged whilst the clutch between the 
electric machine and the transmission system remains 
engaged, and the internal combustion engine is switched off. 
During the subsequent start stage, both of the above- 
mentioned clutches are disengaged and the electric machine 
is operated as an electric »tar, An oootx as the speed of 
rotation of the electric machine exceeds a predetermined 
threshold value, the clutch between the internal combustion 
engine and the rotor of the electric machine is engaged in 
order to start the internal combustion engine. As soon as 
this has occurred, the clutch between the rotor of the 
electric machine and the transmission system is engaged so 
that the vehicle is propelled by the internal combustion 
engine . 
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The object of the present invention is to provide an 
improved propulsion-control system which enables optimal use 
to be made of the advantages of the stop -start function, 
reducing the impact of the implementation of this function 
on the driveability of the vehicle and on driving comfort . 

This and other objects are achieved, according to the 
invention, by a propulsion- control system the basic 
characteristics of which are defined in appended Claim 1. 

The invention may also take the form of a method of 
controlling the propulsion of a motor vehicle, the main 
characteristics of which are defined in Claims 4 et seg. 

Further characteristics and advantages of the invention will 
become clear from the following detailed description, given 
purely by way of non- limiting example with reference to the 
appended drawing, which is a schematic representation of a 
system according to the invention. 

The drawing shows, schematically and partially, a motor 
vehicle V provided with an internal combustion engine 1 as 
well as a transmission system 2 including a transmission 3 
with discrete ratios, in particular a transmission with 
gears. The transmission 3 is of the so called "automated" 
or servo- uttr,intF;d type, that itj, it has actuator aeveey, 
for example, electro-hydraulic actuators, for 

engaging/disengaging the gears. 

The motor vehicle V a i bo has a reversible electric machine 4 
including a rotor 5 and a stator 6. The electric machine 4 
is interposed between the internal combustion engine 1 and 
the transmission system 2 and can operate selectively as a 
generator and as an electric motor. 
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A first clutch and a second clutch, indicated 7 and 8 in the 
drawing, can be controlled by means of respective actuators 
9 and 10, for example, electro-hydraulic actuators, which 
can be operated selectively in order to control the 
connection of the rotor 5 of the electric machine 4 to the 
transmission input shaft 11 and to the shaft 12 of the 
internal combustion engine 1, respectively. 

A control system, generally indicated CS, is associated with 
the above -described propulsion system. In the embodiment 
illustrated by way of example in the drawing, the control 
system CS comprises four electronic control units ECU1, 
ECU2, ECU3 and ECU4 , interconnected by a communication 
network 13 operating, for example, in accordance with the 
CAN protocol . 

The control unit ECU1 is basically a unit which supervises 
the management of the internal combustion engine 1. 
Connected to this unit are a position sensor 14 associated 
with the accelerator pedal 15, as well as further sensors, 
generally indicated 16 in the drawing, such as a sensor for 
detecting the rate of rotation of the shaft 12 of the engine 
1, a sensor for detecting the speed of movement of the 
vehicle, etc. 

The control unit ^Cu2 is for controlling general functions 
of the motor vehicle and for coordinating the various other 
control units. Connected to this unit are (amongst other 
uliiuga) an instrument panel IB located on the 
instrumentation dashboarct, a general on/ oft switch 19 
operable, for example by means of a key 20, and a manually- 
operable switch 21 for selecting operation of the propulsion 
unit with hybrid drive or with purely electric drive, 
selectively. 
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The control unit ECU3 is intended for controlling the 
transmission and is connected to the actuators, generally 
indicated 22 in the drawing, for engaging/disengaging the 
gears of the transmission 3, to a manually operable device 
for controlling the transmission, such as a so-called 
joystick 23 fitted with sensors, as well as to other 
sensors, generally indicated 24, such as sensors for 
indicating the gear ratio effectively engaged in the 
transmission. 

The control unit ECU3 is also connected to the actuators 9 
and 10 associated with the clutches 7 and 8, respectively. 
A manually-operable selector 3 0 is also connected to the 
unit ECU3 and can be operated by the driver in order to 
render operative a first operative mode in which the unit 
ECU3 brings about the gear changes in accordance with the 
commands imparted by the manual selection device 23, or a 
second operative mode in which the transmission is 
controlled completely automatically. In this second 

operative mode, the transmission is controlled automatically 
by the unit ECU3 on the basis of the signals provided by the 
sensors 24, as well as by the sensors 14, 16. 

Finally, the control unit ECU4 supervises the control of the 
electric machine 4. The output of this unit is connected to 

the nine trie rr^cblne 4 by n-eazis of a three -pnaae line 29. A 
supply battery 28 is connected to the unit KCU4 „ 

The architecture of tne control system CS, which is divided 
into four units, -is purely an example. As will be clear to 
experts in the art, all of the functions of the control 
system and, in particular, those which will be described 
below, may be performed and controlled by a control system 
having different architecture, or even in the form of a 
single microprocessor control unit. The control system CS 
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is arranged to control the operation of the internal 
combustion engine 1, of the electric machine 4, of the 
clutches 7 and 8, as well as of actuator devices 22 for 
engaging/disengaging the gears of the transmission, in 
accordance with predetermined procedures in dependence on 
the signals provided by the sensors 14, 16 and 24 and, in 
the second above-mentioned operative mode, by the sensors 
associated with the manual selection device 23 . 

In particular, when the automatic transmission-control 
procedure has been preselected by means of the selector 30, 
the control system CS is arranged to implement a stop- start 
function directed towards achieving a reduction in fuel 
consumption and in pollutant emissions. 

tVi j 0 ofnn- «ts>rtt f. uelc t \C7?> provider for the i™pXe™eritation of 
a stop stage in which the internal combustion engine 1 is 
disconnected from the electric machine and from the 
transmission system 2 by the disengagement of the clutch 8, 
in predetermined first operating conditions of the vehicle, 
detected by means of the above-mentioned sensors, for 
example, in conditions in which the motor vehicle is slowing 
down whilst travelling in a queue, or in order to stop at 
traffic lights. During the stop stage, the internal 
combustion engine 1 is switched off under the control of the 
unit ECu I. 

The stop stage is followed by a start stage which is stored 
as a result of the occurrence of predetermined conditions, 
fox example, of a command imparted by the driver, such as 
the operation of the accelerator pedal 15 . 

During the start stage, the internal combustion engine 1 is 
restarted by means of the electric machine 4, operating as a 
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motor, and is then reconnected to the transmission system 2, 
as will be described further below. 

More specifically, according to the invention, during the 
start stage, the control system CS is arranged first of all 
to bring about connection of the electric machine 4, 
operating as an electric motor, to the transmission system 
2, after the engagement of a predetermined ratio, preferably 
the first ratio, in the transmission 3. The first ratio is 
intended to define the lowest gear or ratio. 

At the beginning of the start stage, the clutch 8 is 
disengaged and the clutch 7 is engaged, with the 
predetermined ratio engaged. The electric machine 4, 
operating as an electric motor, thus initially takes over 
the propulsion of the motor vehicle. The vehicle thus ™o\'es 
off or accelerates again, initially with purely electric 
drive . 

Subsequently, upon the occurrence of predetermined operating 
conditions, the control system CS brings about the change 
from the first ratio engaged to a higher ratio, for example, 
the second ratio. This operation is controlled, in 
particular, by the unit ECU3, by means of the actuators 22 
associated with the transmission 3 and the clutch 7. During 
this change ot ratio, the electric machine 4 cautixmes to 
operate as an electric motor and the unit ECU3 brings about 
its connection to the internal combustion engine 1 by means 
of tne clutch 8, which is engaged, in order to start the 
engine X - As soon as the engine 1 has started (a condition 
which can be detected by the unit ECU1 by means of the 
sensors associated therewith) , the unit ECU3 brings about 
re-engagement of the clutch 7 and hence recoimection of the 
internal combustion engine 1 to the transmission system 2. 
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Upon completion of the start stage, the motor vehicle is 
thus propelled by the internal combustion engine 1. 

During the start stage, in order to bring about the change 
of ratio, the starting of the internal combustion engine 1, 
and then its connection to the transmission system, the 
control system CS is arranged to bring about in succession: 

- disengagement of the clutch 7, 

- disengagement of the predetermined ratio, 

engagement of the higher ratio and, simultaneously, 
engagement of the clutch 8 in order to start the engine 1; 
in particular, this clutch is engaged when the transmission 
of torque from the electric machine 4 to the transmission 
system 2 has been reduced to zero as a result of the 
completion of the disengagement of the clutch 7, 

- re -engagement of the first clutch 7, after the internal 
combustion engine 1 has restarted. 

The above-described control procedure of the start stage 
prevents any impact on the driveability of the vehicle or on 
perceived driving comfort; the driver may not even be able 
to detect which source of driving torque is connected to the 
tra^Siiii^^ion nyntr^ at this stage. 

Naturally. t~h^ principle of the invention reiuaininy the 
same, the for?** of ersbediment and details of const * action 
may be varied widely with respect to those described and 
illustrated purely by way of non-limiting example, without 
thereby departing from the scope of the invention as defined 
in the appended claims . 
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CLAIMS 

1, A propulsion-control system for a motor vehicle (V) 
provided with: 

an internal combustion engine (1) ; 

a transmission system (2) comprising a transmission (3) with 
discrete ratios, provided with actuator means (22) for 
engaging/disengaging the ratios, 

a reversible electric machine (4) which includes a rotor (5) 
and a stator (6) , is interposed between the internal 
combustion engine (1) and the transmission system (2) , and 
is suitable for operating as a generator and as an electric 
motor ; 

a first clutch and a second clutch (7, 8) which can be 
operated selectively to control the connection of the rotor 
(5) of the electric machine (4) to the transmission system 
(2) and to the internal combustion engine (1) , respectively; 

sensor means (14, 16, 24) for supplying electrical signals 
indicative of operating conditions of the vehicle (V) , of 
the internal combustion engine (1) , and of the electric 
machine (4) : <=md 

control means (CS) for controlling the internal combustion 
engine (1), the electric machine (4), the fi^Bf second 
clutches (7, S) , and the actuator means (?2) for 
engaging /disengaging the ratios of the transmission, in 
accordance with predetermined procedures in dependence on 
the signals supplied by the sensor means (14, 16, 24); 
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the control means (CS) being arranged, in particular, to 
implement a stop- start function in which, during a stop 
stage, the internal combustion engine (1) is disconnected 
from the electric machine (4) and from the transmission 
system (2) and is switched off in first predetermined 
operating conditions of the vehicle (V) and then, as a 
result of the occurrence of second operating conditions such 
as a command imparted by the driver, in a subsequent start 
stage, is automatically restarted by the electric machine 
(4) , operating as a motor, and is then reconnected to the 
transmission system (2) ; 

the propulsion- control system being characterized in that 
the control means (CS) are arranged to bring about, during 
the start stage 

the connection of the electric machine (4) , operating as an 
electric motor, to the transmission system (2) , whilst a 
predetermined ratio, preferably the first ratio, is engaged 
in the transmission (3) so that, during the start stage, the 
vehicle (V) is initially propelled by the electric machine 
(4) , and then 

the implementation, in predetermined operating conditions, 
of a change from the predetermined ratio to a higher ratio 
and, during this change of ratio, the connection c£ the 
internal ecssbunti on engine (I) to the electric machine (4) , 
operating as a motor, in order to bring about starting of 
the internal compilation engine, <*nd then che connect xon of 
the internal combustion engine (1) to the transmission 
cyst era (2) so that, upon completion of the start stage, the 
vehicle (V) is propelled by the internal combustion engine 
(1), and possibly also by the electric machine (4) . 
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2 . A system according to Claim 1 in which the change of 
ratio is a change from the first ratio to the second ratio. 

3. A system according to Claim 1 or Claim 2 in which, during 
the start stage, the control means CS are arranged to bring 
about in succession: 

disengagement of the first clutch (7) , 
disengagement of the predetermined ratio, 

engagement of the higher ratio and, simultaneously, 
engagement of the second clutch (8) , 

engagement of the first clutch (7) . 

4. A method of controlling propulsion in a motor vehicle 
provided with: 

an internal combustion engine (1) , 

a transmission system (2) comprising a transmission (3) with 
discrete ratios, provided with actuator means (22) for 
engaging/disengaging the ratios, 

a reversible electric ra&chine (4) ^hich includes a rotor (b) 
and a stator (6) , lb interposed between tfee internal 
combustion engine (1) and the transmission system (2) , and 
ic suitable fox ujjexatiny as a generator and as an electric 



a first clutch and a second clutch (7, 8) which can be 
operated selectively to control the connection of the rotor 
(5) of the electric machine (4) to the transmission system 
(2) and to the internal combustion engine (1) , respectively, 
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the method comprising the implementation of a stop- start 
function, including: 

a stop stage in which the internal combustion engine (1) is 
disconnected from the electric machine (4) and from the 
transmission system (2) and is switched off, and 

a subsequent start stage in which the internal combustion 
engine (1) is restarted by the electric machine (4) , 
operating as a motor, and is then reconnected to the 
transmission system (2) ; 

the method being characterized in that, during the start 
stage : 

the electric machine (4) , operating as an electric motor, is 
CDimecced to the transmission system (2) , whilst a 
predetermined ratio, preferably the first ratio, is engaged 
in the transmission (3) so that, during the start stage, the 
vehicle (V) is initially propelled by the electric machine 
(4), and 

a change from the predetermined ratio to a higher ratio is 
subsequently implemented and, during this change of ratio, 
the internal combustion engine (1) is connected to the 
electric iiiaehine (4) , operating as a itiotcr, in order to 
bring about starting of the internal combustion engine (1) , 
and then the restarted internal combustion engine (1) is 
connected to the transmission system 12) so that, upon 
completion of the start stage, the vehicle (V) ic propelled 
by the internal comoustion engine (1) , and possibly also by 
the electric machine (4) . 

5. A method according to Claim 4 in which the change of 
ratio is a change from the first ratio to the second ratio. 
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6. A method according to Claim 4 or Claim 5 in which, during 
the start stage, the following steps are implemented in 
succession: 

disengagement of the first clutch (7) , 
disengagement of said predetermined ratio, 

engagement of the higher ratio and, simultaneously, 
engagement of the second clutch (8) , and 

engagement of the first clutch (7) . 
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